Background: Dietary glycemic index (GI) and glycemic load (GL) typically have a positive relationship with obesity and diabetes, which are risk factors for liver cancer. However, studies on their association with liver cancer have yielded inconsistent results. Therefore, we assessed the association of GI, GL, and carbohydrates with liver cancer risk.
introduction
Primary liver cancer is a serious global cancer burden as it is the fifth most commonly diagnosed cancer among men and seventh among women. This cancer also has a high fatality rate and is the second most common cause of cancer death among men and sixth among women [1] . China represents >50% of both incident cases and cancer deaths of liver cancer worldwide [1] . Given the high incidence and poor prognosis, primary prevention of liver cancer is extremely important. The established risk factors for liver cancer include the hepatitis B virus (HBV), hepatitis C virus (HCV), cirrhosis, heavy alcohol consumption, dietary aflatoxins, and tobacco smoking [2] [3] [4] [5] [6] .
Overweight, obesity, diabetes mellitus and a number of other factors affiliated with metabolic syndrome are related risk factors that have also been associated with liver cancer [7] [8] [9] [10] [11] .
The glycemic index (GI) and glycemic load (GL) were developed to quantify the effect of specific carbohydrates on blood glucose and a number of studies have reported that higher levels of dietary GI or GL increase the risk of diabetes mellitus or metabolic syndrome [12] [13] [14] [15] . Since diabetes has been found to be associated with liver cancer [7, 8, 10, 16] , it has been hypothesized that dietary GI, GL, and carbohydrates may also be associated with liver cancer. The association of GI, GL, and carbohydrates with cancer has been previously evaluated for a number of cancers, including breast, colorectal, and pancreatic cancers [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] .
Only a few studies have been conducted to assess the association between GI or GL and liver cancer with inconsistent findings [27] [28] [29] . Therefore, we aimed to assess the association of dietary GI, GL, and carbohydrates with liver cancer using data from two prospective cohort studies, the Shanghai Women's Health Study (SWHS) and the Shanghai Men's Health Study (SMHS) .
methods study population
The SWHS and SMHS are both prospective, population-based cohort studies in Shanghai, China, with details of their designs published previously [30, 31] . In brief, for the SWHS, 74 941 women aged 40 to 70 years in Shanghai were recruited from 1996 to 2000, with an overall study participation rate of 92.7%. For the SMHS, 61 491 men aged 40 to 74 years with no previous history of cancer were recruited in Shanghai from 2002 to 2006, with an overall study participation rate of 74.1%. Trained interviewers administered the baseline surveys and obtained anthropometric measurements of the participants. The two cohorts were approved by all relevant Institutional Review Boards and an informed consent was obtained from all participants.
For this analysis, we excluded women with a previous diagnosis of cancer (N = 1 579) from the SWHS, but the SMHS had a previous diagnosis of cancer as an exclusion criterion so no additional men were excluded for this reason. We excluded men and women with extreme total energy intake (<500 or >4200 kcal per day for men or <500 or >3500 kcal per day for women), participants lost to follow-up shortly after enrollment, and those diagnosed with cancers of unknown origin (N = 233 for SMHS and N = 326 for SWHS). We also excluded participants with missing data for any of the covariates of interest (N = 1065 for SMHS and N = 78 for SWHS). After the application of these exclusion criteria, 60 207 men and 72 966 women were available for analysis.
measurement of GI, GL, and total carbohydrates
Typical dietary intake was assessed using a previously validated food frequency questionnaire (FFQ) [32, 33] . The FFQ in the SWHS included 77 food groups and items and accounted for 85.6% of the typical foods consumed by this population [32] . The FFQ in the SMHS included 81 food groups and items and captured 88.8% of the typically consumed foods in the population [33] . During the in-person interview, the participants were asked about the frequency and amount of consumption of each food item included in the FFQs over the past 12 months. The daily nutrient intake was calculated by multiplying the daily intake of each food by the nutrient content per gram of that food as derived from the Chinese Food Composition Tables [34] and summed over all food items.
The details of the reliability and validity of the FFQs utilized in the two cohorts have been reported previously [32, 33] . The FFQs from both the SWHS and SMHS had reasonable validity and reproducibility with correlation coefficients between the FFQ and 24 h dietary recalls of 0.64 for carbohydrate and 0.63 for rice estimates in the SMHS [33] and 0.66 for both carbohydrates and rice in the SWHS [32] . The GI values for the major carbohydrate-containing foods (54 foods for SWHS and 62 foods for SMHS), using glucose as the reference, were obtained from the Chinese Food Composition Tables, the International Table of GI and GL Values and the Harvard Database [34] [35] [36] . The GL for each food was calculated by multiplying the food's GI value by the carbohydrate content for the food and the average amount of this food consumed daily. The products were summed over all of the food items to calculate the dietary GL. The dietary GI was calculated as the total dietary GL divided by the average carbohydrate intake for that individual. Table 1 presents the top 10 foods associated with total dietary GL in this population. For both the SWHS and SMHS, rice and noodles, steamed bread, dumplings, and other wheat foodstuffs made up the majority of the daily carbohydrate intake. The calculated values of dietary GI, GL, and total carbohydrates were adjusted for total energy intake using the residuals method [37] and standardized to 1700 kcal for women and 2000 kcal for men, the approximate mean daily caloric intake calculated from the FFQ validation studies [32, 33] . We then categorized the participants into quintiles of total energy-adjusted GI, GL, and carbohydrates separately by cohort using the baseline data.
outcome
The outcome of this analysis was incident liver cancer and defined as a primary tumor with an ICD-9 code of 155 (malignant neoplasm of liver and intrahepatic bile ducts). In brief, the participants were followed up with in-person interviews every 2 to 3 years and through annual record linkage with the population-based Shanghai Cancer Registry for incident cancer diagnoses and the Vital Statistics Unit in the Shanghai Center of Disease Prevention and Control for death confirmation. Participants identified as incident cancer cases within the Shanghai Cancer Registry were verified through home visits and medical abstracts were obtained to verify the cancer diagnosis and to document detailed diagnostic information like ICD-0-3 site/histology information. For the SWHS, the first follow-up was conducted from 2000 to 2002 with a response rate of 99.8%. For the SMHS, the first follow-up interviews were conducted from 2004 to 2008 and had a response rate of 97.6%. Follow-up has been conducted for both the studies through December 31, 2009.
potential confounding variables
Demographic variables of interest for this analysis were age, sex, education level, and family income. In the SWHS, annual family income was 
statistical analysis
We conducted the analyses separately for each cohort. We calculated descriptive statistics based on baseline GL quintile using analysis of variance for continuous variables and the Pearson chi-square test for categorical variables. We determined the hazard ratios (HRs) for incident liver cancer using the Cox proportional hazards regression model where the entry time was the date at which the participant enrolled in the SMHS or SWHS and the exit time was the date when the participant developed incident liver cancer or was censored due to death, loss to follow-up, or end of study follow-up on December 31, 2009, using whichever censoring date occurred first. We calculated age-adjusted HRs (model 1), multivariable HRs adjusting for all potential confounders (age, education, income, smoking status, alcohol consumption, menopausal status for women, family history of liver cancer, BMI, physical activity, total energy intake, and history of diabetes and hepatitis/chronic liver disease; model 2) and also created multivariable Cox models stratified by having a history of diabetes, history of hepatitis or chronic liver disease, and BMI category. To evaluate linear trends, we entered the median level of dietary GI, GL, or carbohydrates by quintile into the model as a continuous variable. We evaluated the proportional hazards assumption by including an interaction between dietary GI, GL, or carbohydrates with the logarithm of time. The interaction was not statistically significant; therefore we assumed that the proportional hazards assumption was not violated.
As a secondary analysis, we excluded liver cancer cases diagnosed within 2 years of baseline to assess the effect of potential prevalent liver cancer cases. We also used both baseline and follow-up dietary GI, GL, and carbohydrate values as a time varying covariate in an additional secondary analysis. Additionally, we calculated multivariable Cox models with hepatocellular carcinoma (HCC) as the outcome (ICD-0-3: 817). Statistical analyses were conducted using SAS 9.2 (SAS Institute, Cary, NC) and a two-sided P value of 0.05 was considered statistically significant.
results
After a median follow-up time of 11.2 years for the SWHS and 5.3 years for the SMHS, 139 and 208 incident liver cancer cases were identified in the SWHS and SMHS, respectively. Of these cases, 84.7% in the SWHS and 93.8% in the SMHS were HCC. Table 2 presents the baseline characteristics for the two cohorts by quintiles of GL. Women with higher GL intake were more likely to be older and post-menopausal, have less education, and have lower annual family incomes. They were also more likely to smoke and have a higher BMI and daily total energy consumption, but were less likely to exercise, consume alcohol, or to have a history of diabetes, hepatitis, or chronic liver disease. A generally similar pattern was observed for men with higher GL intake.
As seen in Table 3 , among women, after adjustment for age, compared with the lowest quintile of GL, the HRs for incident liver cancer were 0.94, 1.04, 1.19, and 1.13 for the second through the fifth quintile, respectively (P trend = 0.4622) with all 95% confidence intervals (CIs) including the null value of 1.0. Similarly, all of the 95% CIs for the age-adjusted HRs for quintiles of carbohydrate intake included 1.0 (P trend = 0.6659), but the association estimates were <1.0. The results were similar for the GL and carbohydrates after adjustment. For the GI, compared with the first quintile, the HRs for incident liver cancer were 2.01 (95% CI 0.98-4.12), 3.01 (95% CI 1.53-5.90), 2.22 (95% CI 1.11-4.44), and 2.41 (95% CI 1.23-4.74) for the second through the fifth quintile, respectively, after adjustment for age (P trend = 0.0202). After additional adjustment, the P trend was no longer significant (P trend = 0.0621), but many of the individual association estimates were still significant. For men, the trends were not statistically significant for the quintiles of GL (Model 1 P trend = 0.7496), GI (Model 1 P trend = 0.4896), or carbohydrates (Model 1 P trend = 0.8694) and the association estimates ranged around 1.0 (Table 3) .
When stratified by chronic liver disease and hepatitis status, no statistically significant trends were observed for men or women with a history of chronic liver disease or hepatitis. For women without a history of chronic liver disease or hepatitis, however, a significant trend (P trend = 0.0107) of increasing liver cancer risk with increasing GI (HR 5th quintile versus 1st quintile 2.57; 95% CI 1.23-5.36) was observed in the ageadjusted model, which remained after adjustment for all potential confounders (P trend = 0.0413). No other trends were observed for men or women without a history of chronic liver disease or hepatitis (supplementary Table S1a and b, available at Annals of Oncology online). Similarly, when stratified by history of diabetes, no statistically significant trends were observed for men or women, except for the association between GI and liver cancer among women without a history of diabetes, but only in age-adjusted analyses (Model 1 P trend = 0.0257; Model 2 P trend = 0.0724) (supplementary Table S2a and b, available at Annals of Oncology online). When the data were stratified by BMI category, no statistically significant trends were observed for men or women (supplementary Table S3a and b, available at Annals of Oncology online).
After removal of participants who developed liver cancer within 2 years of baseline (N = 29 for SWHS and N = 82 for SMHS), similar associations were observed for GL, GI, and carbohydrates (supplementary Table S4 , available at Annals of Oncology online). When quintiles of GI, GL, and carbohydrates were treated as time-varying covariates, none of the associations between GL, GI, and carbohydrates were statistically significant for either sex with the exception of the second quintile of carbohydrates versus the first quintile among men (supplementary Table S5 , available at Annals of Oncology online). When incident HCC was used as the outcome, some of the associations were strengthened, but no statistically significant trends were observed (supplementary Table S6 , available at Annals of Oncology online).
original articles Annals of Oncology discussion
To our knowledge, this is the first study considering the association of GI, GL, and carbohydrates with liver cancer risk in the Chinese population. However, there is little evidence that dietary GI, GL, or carbohydrates affect the incidence of liver cancer in this population. Most of the associations with GI, GL, or carbohydrates were not statistically significant, with the exception of the association between GI and liver cancer among women. However, when GI, GL, and carbohydrates were entered as time-varying covariates, nearly all of the observed associations either remained non-significant or were closer to the null and no longer statistically significant. Stratification analyses did not give a strong indication for effect modification by chronic liver disease, hepatitis status, history of diabetes, or BMI. In addition, dose-response relationships were generally not observed for any of the associations. Note: Continuous variables are presented as the mean ± the standard deviation.
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Previously, a case-control study in Athens, Greece, found an overall positive association between quintiles of GL and liver cancer, although the findings were not statistically significant [27] . Similarly, a case-control study in Italy found a positive association between quintiles of GL and liver cancer with statistically significant results [28] . Both the studies found a stronger association between GL and liver cancer when restricted to cases with evidence of chronic HBV or HCV infection [27, 28] . However, our findings do not support these case-control study results as we did not find strong evidence for an overall association between GL and liver cancer nor did we find evidence for an association specifically among patients with chronic hepatitis or liver disease. Due to the case-control nature of both of the studies, recall bias in reporting dietary intake may have occurred, especially for cases, since they may associate diet with their disease status. Similarly, cases may have recently changed their diet due to symptoms or treatment and therefore the FFQ results would not represent habitual intake. However, it is also possible that general dietary differences between the populations, European versus Asian diet, may have led to the different findings. In our study, over 80% of the daily dietary GL was contributed by rice in both the men and women's study compared with only 17.0% in men and 12.9% in women observed in a study of people living in Hawaii or southern California [38] . Table 3 . Hazard ratios (HRs) for liver cancer incidence by quintiles of glycemic load (GL), glycemic index (GI), and carbohydrates One prospective cohort study considering the association of GI and GL with multiple cancers, conducted in the USA, did not find any statistically significant association between GI and liver cancer for women, but a positive association was observed for men with a non-significant trend (P = 0.185). A statistically significant protective relationship was observed between GL and liver cancer for both women and men. However, the authors explain that the site-specific associations should be interpreted with caution due to the multiple testing and that the association between GL and liver cancer in women disappeared after restriction to never smokers, which suggests possible residual confounding [29] . The authors conclude that there is no strong evidence for a GI, GL and cancer relationship, which is in agreement with the conclusions from this current study.
Our study is not without limitations. First, GI, GL, and carbohydrate intakes were all assessed using an FFQ which may not be accurate at estimating the actual amount of dietary intake. However, the correlation between the estimated carbohydrate intake from an FFQ and a 24-h recall instrument was high in both study populations (SWHS = 0.66; SMHS = 0.64) [32, 33] . In addition, we excluded participants who had extreme energy intake to remove participants who may not have been accurately reporting nutritional intake. A second limitation of the FFQ was that data on only adult nutritional intake were available for analysis. It is possible that the effect of diet on the risk of cancer occurs earlier in life, but these data were not available, so we were unable to test that hypothesis. Similarly, data from only two FFQs were available for analysis so changes over the entire follow-up were not able to be considered. Third, data on acute hepatitis infection were unavailable, so we were only able to adjust for chronic hepatitis infection and chronic liver disease. Additionally, data on these chronic conditions were only available by selfreport, so under-reporting of chronic hepatitis or liver disease was possible. Finally, the SMHS had a shorter followup than the SWHS, but this population still had a sufficiently large number of incident liver cancer cases to conduct the analyses.
This study, however, has a number of important strengths. First, the SWHS and SMHS are both rigorously designed cohort studies with high participation and retention rates. Second, all of the covariates used in analysis were assessed before the development of any cancer which decreases potential misclassification bias. We also determined that prevalent liver cancer was unlikely to have affected the results by excluding participants diagnosed with liver cancer within 2 years of baseline. Third, we had a relatively large number of incident liver cancer cases to base our analysis. Finally, the results from the various secondary analyses we conducted yielded similar results throughout which suggest that our findings are fairly robust.
In conclusion, there is very little evidence from this prospective study that GI, GL, or carbohydrate intake affects the risk of liver cancer in this population, where rice is the principal component of total carbohydrate intake. Further research to find other modifiable risk factors for liver cancer may be warranted.
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